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For instance, habitats such as sand dunes and aquatic environ ments demand a selection of different adaptative characters by the organism. In the first case plants must face drought conditions, excess salt and mechanical action of wind and sand. In the second case plants have to face restrictions to gas exchange, changes in the redox state of mineral elements and the mechanical action of wind and water.
The adaptative strategies of plants to each of these habitats are different and, sometimes, opposed.
A comparative study of roots, stems and leaves of two wild grasses, Ammophila arenaria (L.) Link. and Phragmites australis (Cav.) Trin. ex. Steud. was carried out in order to find the structural adaptations of these plants to their habitats. A. arenaria shows a vast net of roots and rhizomes that contribute to dune fixation; new stems grow from the rhizomes and emerge above the sand surface to photosynthesise.
The second species is aquatic, developing into large, generally monospecific communities, known as reed beds, in fresh or brackish water swamps (Hocking et al. 1983 ). The stems grow from the rhizomes, and produce leaves at the nodes.
Material and methods
Ammophila arenaria (L) Link. and Phragmites australis (Cav.) Trin. ex. Steud. were col lected at Guincho seashore sand dunes (30 km west Lisbon) and at the Botanical Garden Lake, close to the Faculty of Sciences of the University of Lisbon, respectively.
Stem and root sections were made by hand while those of the leaves were obtained using a Leitz 1320 freezemicrotome.
After coating with gold in an Emscope sputter coater the samples were examined in a Jeol JSM 35 CF scanning electron microscope, at 10 kV.
Results

a) Root
The general organization of A. arenaria ( Fig. 1 ) and P. australis ( Fig. 2 ) roots is similar, exhibiting an epidermis covered by hairs, a wide cortex and a pith (Cutter 1971) . While in P. australis the parenchymatous cells are arranged in a vast lacunous system, in A. arenaria they show a concentric arrangement. In this last species the most striking feature is the pre sence of a thick sclerenchymatous layer ( Fig. 3 ) located between the endodermis, formed by characteristic U shaped cells, and the vascular bundles. In P. australis the corresponding zone is formed by parenchyma. b) Stem A. arenaria (Fig. 4) and P. australia (Fig. 5 ) stems fit into organization patterns already described by Esau (1965) for this group of plants. A. arenaria exhibits a wide band of scleren chyma located between the epidermis and the vascular bundles . P. australis shows a vast fi gs. 7-8. 7, cross section of A. arenaria leaf showing the typical furrow and peak arrangement in the adaxial surface, with a very thick cuticule in the abaxial surface.
8, cross section of P. australis leaf typical of grasses. lacunous system surrounding the circles formed by the vascular bundles. The presence of starch grains in parenchymatous cells was also observed (Fig. 6) . Close to the epidermis in both taxa a narrow sclerenchyma band was observed.
c) Leaf
A. arenaria leaf adaxial surface is generally rolled up (Fig. 7) . This surface exhibits an epidermis covered by unicellular hairs and alternate furrows and peaks. The base of the furrows shows a set of bulliform cells. The vascular bundles, located in the central zones of the ribs, are surrounded by a sclerenchyma layer which turns round the furrows. The abaxial surface is covered by a thick cuticle.
In P. australis leaf specific adaptations to an aquatic environment were not detected and it was found to be typical of grasses (Fig. 8) . Vascular bundles show a regular location pat tern, surrounded by a prominent layer without chloroplasts.
Between these bundles the presence of chlorenchyma was detected. The adaxial surface also exhibits groups of bulli form cells located between the veins.
Discussion
A. arenaria is considered to be one of the most important species in sand dunes coloniza tion and stabilization (Greig-Smith et al. 1947) . In this habitat plants are exposed to the mechanic action of wind and sand. To survive and develop under these conditions the vital structures must be protected. This protection is conferred by large areas of sclerenchyma present in roots, stems and leaves. In order to reduce evapotranspiration A. arenaria leaves also exhibit the following adaptive characters to dry habitats: 1) leaves rolled up on the adaxial surface, in order to reduce the area exposed to the surrounding environment, 2) stomata located in the innermost part of furrows and 3) epidermis covered with unicellular hairs, reinforcing the other stomatal protections. On the other hand, the abaxial surface, more exposed to the hard conditions of this environment, is protected by a thick cuticle and stomata are absent.
Leaf rolling, reducing exposed area and transpiration, has an obvious adaptative value in arid environments; there are examples of leaf rolling in xerophytes reducing transpiration rates by 46 to 83% (Clarke 1986) . P. australis is characteristic of lakes, riversides, irrigation canals and swamps. The root system, producing every year the aerial part of the plant, spreads into the soil to con siderable dephts. The low level of oxygen dissolved in water and the slow elimination of carbon dioxide, accumulated by the respiratory process, contribute to difficult colonization of these kinds of habitats by plants.
The lacunar system present in the root and stem of P. australis allows both oxygen dif fusion by descent to the submerged parts of the plant, and carbon dioxide diffusion by ascent. The doble role of this tissue contributes to the aerobic respiration and the quick growth char acteristic of the species, which could not be sustained by anaerobic pathways (Topa and McLeod 1986) .
Mainly due to its position above the water level, the leaves of P. australis do not exhibit any adaptative characteristics. General organization of the mesophyll tissue showing vascular bundles surrounded by a prominent sheat layer is similar to Kranz foliar anatomy, charac teristic of plants with C, photosynthetic metabolic pathway; however, the absence of chloro plasts in the bundle layer cells rejects any functional correspondence.
Summary
A scanning electron microscope comparative study was carried out on root, stem and leaf structures of Ammophila arenaria (L.) Link. and Phragmites australis (Cav.) Trin. ex Steud. These perennial grasses are characteristic of seashore sand dunes and aquatic environments, respectively. The structures of the organs referred to above are similar in both species, never theless each exhibits adaptive characters to its habitat.
4. arenaria shows some adaptations to the dry conditions of its habitat, mainly in the leaves. Hence the stomata are found in furrows situated on the adaxial surface and protected from the surrounding environment by the leaf rolling up. The presence of broad bands of sclerenchyma in root and stem, and to a less extent in leaves, was observed in this species. In P. australis the presence of aerenchyma in the root and stem was an evident adaptation to its aquatic environment.
This tissue permits gas diffusion among the submerged parts of the plant. The rhizomes of this species store considerable amounts of starch which was observed as grains in the parenchymatous cells of the cortex.
